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Abstract 
The paper determines the range and the form of the surface layer of the spheroid iron cast. It presents the possibility of forming 
the surface layer of the mold of the exploitation surface of the final product in the range of the transverse section. 
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1. Introduction 
The use of the transverse section in shaping the exploitation layer allows reducing technological surpluses. Some 
benefits occur in result of it – lower level of use of the energy, tools, machines and smaller degree of work put in the 
process. However, it has sense in serial and mass production. Basing on research [5];[12];[16];[25÷26] and 
experiences, it has been stated that the most representative parameters determining the range of the transverse 
section of the mold.  
 
Thus, there appears a necessity of experimental verification whether there are tribology contradictions for 
forming the surface layer in the range of the transverse sphere of the spheroid iron cast for the final product, in view 
to the surface layer and whether the formation of the technological surface of the product in the range of the surface 
layer of a raw spheroid iron cast would reduce the exploitation features of the product. 
Many issues of the machines’ technology and implementation face the problem of constituting characteristics of 
the surface layer [3]; [5]; [7]; [9÷10]; [15]; [18÷19]; [24]; [31÷32]; [35]; [37]; [42÷49]; [51]. 
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The state of the surface layer determines the resistance of elements of the machine of tearing and for the surface 
weariness, which thus affects the solidity of the machine itself [10]. 
Most often described features of the surface layer refer to the structure and properties of surface layers obtained in 
result of realized technological processes. The surface layer itself should be considered in two aspects. First aspect-
the surface layer obtained directly in the metallurgic process (raw cast surface layer) RSL. Second aspect-the surface 
layer-SL obtained in result of processing the object formerly obtained in the metallurgic process. 
Apart from the grossness of the wall-mentioned before, factors affecting the principal of the form of the 
transverse area, its thickness and structure are: 
 chemical composition of the cast, particularly a carbon and silicon content, 
 thermo-physical properties of molding mass (granularity of mass) 
 the consistence of humidity in the mass, the range of degree of thickening mass 
 the temperature of flooding casts 
 the time of holding the mold in the form. 
According to what has been mentioned before [10];[49];[51] the structure and properties of the surface layer 
determine the reaction of the technological surface in products during their exploitation. 
In tribology processes, problems with materials of cutting elements are checked almost in total in view to the 
surface layer. The so-called Technological Surface Layer TSL [3];[43] formed in a technological process, is being 
processes in further stereomatic and physical changes in the process of the exploitation. 
The state of the surface layer while the exploitation is a function of conditions of this process, but also of factors 
that disturb and the function of time, in which processes of tearing take place. 
T. Burakowski and R. Marczak describe the process of transformation of the technological surface layer into the 
Exploitation Surface Layer (ESL) obtained from the lessening processing as follows [4]: 
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  (1) 
where: TSL – Technological Surface Layer, 
  ESL – Exploitation Surface Layer, 
  L – lubricant, 
  f – feed [mm/turn], 
  v - speed of the cutting [m/s] , 
  t – time [s], 
  1,2 – further variables of the ESL state. 
The state of the surface layer formed in the technological process of producing parts of machines can be described 
with a following equation [4,5];[30]: 
Sww=F2 [F;Ch;T1;T2]  (2) 
where: 
Ph, Ch - physical and chemical properties of the material, 
T1 - the group of forming processes (casting process, plastic processing and the cutting),  
T2 - the group of methods of processing of the surface layer that give the final geometric accuracy and high, 
homogenous physical and chemical properties. 
The usability features of the surface layer U are a function of the state of the surface layer, which can be also 
presented in a form of an equation [4;5];[25];[27],[30];[33]: 
U=F1{F2 [F,Ch,T1,T2 ]}  (3) 
259 Kuryło Piotr et al. /  Procedia Engineering  96 ( 2014 )  257 – 267 
The assumption for the realization of processes of manufacturing final products characterized with the highest 
properties (Swwmax) has a form of a following condition: 
for Swwmax  T1 and T2 ≤ 1 (4) 
for the raw cast, or T1 and T2 =1  
¾ for the assumption that the form of the cast is given only in the process of casting (T1), 
¾ for the assumption that the only processing of the surface used for eliminating the sphere of reaction (like 
e.g. parts burned in the cast form) is grinding (T2) [33]. 
The optimum solution is to aim to the elimination of the necessity of using additional processes, in order to enable 
making a raw iron cast as a final product, which would have physical and chemical properties formed already in the 
casting process.  
 For other casts (products), which must undergo following processing processes, a following dependency 
takes place: 
T1 and T2 > 1   (5) 
 The analysis of the state of the surface layer formed in the technological process  consists in reducing the 
amount of realized processes (processes forming properties of the final product) to the minimum, or even to 0. 
The state of the surface layer can be determined on basis of its thickness, structure, force, level of tensions in it 
and the amount of occurring defects [34]. Tribology usage is however a type of usage that can be found in processes 
of friction. In processes of tribology usage the structure of the mass and physical properties of the surface contact 
layers changes. The intensity of the usage is a function of different types of interactions and of the resistance to the 
friction in surface areas. The value of the usage depends on sorts of processes of the usage. The analysis of the 
process of usage requires theoretical and experimental tribology examinations. In many cases, suitable models are 
used for this purpose [8]. 
The following division of processes of the tribology usage is the most comfortable in the exploitation of the 
machine:  
– abrasive usage, 
– adhesive usage, 
– usage by oxidizing, 
– endurance wear and tear, 
– chemical and electrochemical usage (corrosion), 
– cavitation usage, 
– and other types of usage. 
Usually there is no exclusive impact of a determined process of usage, however, there is a certain one dominant 
affecting process [8];[21];[23]. The usage can be measured with absolute or relative measures. The absolute measure 
for usage Z can be determined by volume Vz, the mass of the divided material or the thickness hz of the divided or 
the deformed layer. The term of intensity of usage I (in other words-the speed of usage) is the most frequent for 
characterizing the process of usage. It is the relation of the volume mass linear loss to the unit of time and the road of 
the friction, the work of the friction, etc.  
2. The relation between the friction and the weariness 
The friction is always accompanied by processes of usage. Tribology determines causal relations between 
individual types of friction and the usage by establishing quantitative dependencies. The construction of the friction 
junction is based on solving problems of the friction and the usage by choosing material and geometric 
characteristics in way to transform the mechanical energy in the friction junction, i.e. in the lubricant or in layers 
resistant to the usage. The value of the usage should be possible to establish already in the stage of design in order to 
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achieve the required period of durability. The usage should run stationary, with an intensity that would allow 
achieving the assumed period of durability. The number of parameters and their changeability in time attests to the 
significant complexity of the analysis of phenomena that take place in the entire tribology system, such as the 
friction junction [10];[31]. Of course, the friction junction reacts to the change of work conditions with a change of 
the friction index and the friction intensity. The usage is determined by the value of intensity of the usage or by 
establishing conditions for the initiated usage. An analysis based on the Lorenz curve is used very frequently in such 
cases [50]. Predicting the usage is very difficult; it must result from a large range of changes of intensity of the usage 
of various mechanisms of usage. In the literature of the subject, the analysis is made on basis of the dominant 
mechanism; still, many authors explicitly show that other mechanisms have a concurrent impact on this process 
[31];[41]. Most often, the usage can be divided to continuous usage, with a relatively constant intensity (adhesive, 
abrasive), endurance, resulting from energy accumulated in time (pitting), and progressive (wearing off). The 
analysis of the usage constitutes in the problem of determining its limits values. They can depend on many factors 
related to the tribology system. The analysis of the literature shows [10];[12÷14];[24÷29];[32];[42];[45] that there 
are many factors determining the direct impact on the resistance of the usage of spheroidal iron molds.  
Factors affecting the persistence, i.e. properties of the surface layer, are [10];[12÷14];[24];[26];[28];[32]: 
x metallurgic process, 
x type of the molding material and thermo-physical conditions of the course of the process of hardening and 
cooling, depending from: 
x type and the composition of the liquid metal, 
x thickness of the wall of the mold, 
x thermo-physical properties of the molding mass, 
x temperature of flooding. 
Contemporary examinations did not take under consideration the problem of forming and using properties of the 
surface, exploitation layer of the spheroidal iron cast [10];[12÷14];[24÷29];[32];[42];[45]. The literature does not 
enclose information or accurate considerations describing possibilities of using the transition sphere in spheroidal 
iron casts. However, there are many factors that can significantly affect the quality of casts. The group of these 
factors, influencing this quality and the quality of the exploitation surface layer of the product, includes: chemical 
composition [1,2], implementation of determined molding masses with determined indicators of heat accumulation 
b2, the filtration of metal with use of ceramic filters [6], implementation of specific methods of casting (e.g. with a 
cooler), heat processing and chemical and heat processing, steering the process of cooling and hardening of the 
mold, as well as many other methods, of which the use depends on the technological knowledge [33]. The literature 
describes possibilities of using the transition area of the surface layer of the cast in view to the spheroidal iron. It is 
difficult to find information whether enumerated methods of affecting the quality of molds can significantly improve 
properties of exploitation of the final product (using the transition area of the surface layer). 
3. ASSUMPTIONS OF THE RESEARCH 
The objective of run research was determining the range and the form of the surface layer of the spheroidal iron 
cast and determine possibilities of using it for the process of forming the exploitation surface of the product. It has 
been shown that the transition layer [11];[13÷14];[16] of the surface layer of the spheroidal iron cast can be used for 
forming the exploitation surface of the product. The research was aimed at proving that the exploitation surface 
made in the area of the surface layer is characterized with determined exploitation features of the products. 
The range of the work encloses: 
x Making trial casts and technological samples with diversified thicknesses of walls, 
x Making experimental examinations of the usage, 
x Establishing sizes of technological surpluses and determining their implementation in form of functions of the 
form and range of the transition area of the surface layer of the cast, 
x Evaluating presented theses on basis of obtained results of exploitation research. 
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The usage of properties of the substance, from which the final product is produced, but also properties of the 
surface layer itself, allows believing that there is a part of the surface layer of the product, in which one can form the 
exploitation surface and reduce technological surpluses. The research included above all examinations of the usage 
[10];[12];[14];[25÷29];[32];[42];[45]. 
All samples were made of spheroidal iron, type SGJ500-7 in Glass Form Factory HEYE F.F.C in Pieńsk, near 
Zgorzelec. Their chemical composition was as presented in the table 3. 
The cast iron was obtained from the induction and network stove PIK ZGH BOLESŁAW, charge 5 T. 
Temperature of flooding 1450 ºC. 
Tab. 3.1 Chemical composition of iron casts SGJ 500-7 made in Glass Form Factory HEYE F.F.F. in Pieńsk 
Type of cast 
Chemical composition % 
C Si Mn P S Cr Mo Ni 
Counter-forms and glass forms 3.63 2.99 0.193 0.078 0.018 0.025 0.046 0.019 
 
The figure 1 shows a photograph of raw casts of size 100X60Xg (g=20,30,40 mm) intended for examinations  
of the usage. 
 
Fig. 1 Samples for the examination of the usage and for the distribution of hardness for the cross section of walls 
Examinations of the weariness were made in the device, type KEWAT on samples with diversified thickness of 
walls, as presented on the figure 1, after preliminary cut-of of infusion and delivering parts and after cleaning and 
preparing for affixing. Counter-samples for the examination were made of construction carbon steel of higher quality 
45, for general use, with a chemical composition as presented in the table 1 
Tab. 1 Chemical composition of counter-samples 
C [%] Mo [%] Si [%] P [%] S [%] Ni [%] Cu [%] 
0.47 0.63 0.26 0.03 0.015 0.16 0.18 
 
Illustration of presented in the fig. 2. 
 
Fig. 2 Counter-samples for examinations of the usage to be made in KEWAT device-steel 45  
All counter-samples in the examination in the KEWAT device were indurated straight through by heating to the 
temperature 800 °C and rapidly cooled in 10% NaCl solution and reducing the temperature to 200 °C. The time of 
reduction was 4 h. the roughness of counter-samples: Ra=0,40÷0,42 μm. 
The usage of samples was established with a weight method. The mass loss in samples subjected to the abrasive 
usage in the KEWAT device was measured on the electric weight WPS 3200 produced in Weights Factory 
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RADWAG in Radom, with the scale from 0 to 3200g, with the accuracy 0,01 g. Examinations of usage were made 
with use of a device, in which a reciprocating motion took place; while it took place, the flat sample of spheroidal 
iron SGJ 500-7 was subject to a friction against the steel 45 counter-sample. There has been accepted a constant 
force of the pressure of springs - 981 N (fig. 3).  
 
Fig. 3 Scheme of the device for examining the abrasive usage [5];  
where: 1- examined sample, 2- counter-sample, 3 – inductive proximity detector 
Basing on preliminary examination, it has been assumed that examinations will include two series of research. 
The first set referred to raw samples – iron casts, type SGJ 500-7: 
x With different thickness of walls, 
x Unannealed, 
x Annealed for enabling further mechanical processing. 
4. PROGRAM OF PLANNING THE RESEARCH 
The selection of programs of planning experiences was based on own preliminary examinations 
[12];[25];[27÷29];[33] and the literature [20];[36];[38];[39]. Statistical research were led with use of the program 
Statistica and Excel-Analisis Toolpac. In view to the complexity of the problem of planning experiments for 
independent variables that have various levels, one accepted an individual research program. The analysis was based 
on the identification of multidimentional objects, using the methods of regression analysis. In view to the available 
literature and the software, the work does not present any detailed analysis of applied formulas. 
Necessary conditions and dependencies are presented in the description of the realization of determined stage of 
research. 
5. ANALYSIS OF THE RESEARCH ON WEARINESS  
Among numerous properties of the surface layer of iron casts, the most representative are: the measure of 
hardness of the cross section of the wall of the mold, which affects the resistance to the usage 
[5;12;16÷17;22;25÷26;30]. 
5.1. Usage of samples 
Calculations of the depth of usage in samples were made on basis of the following dependency [45]: 
]mm[
bl
mh
tt
z
z U   (6) 
where: 
hz–depth of usage [mm]; U-density of the cast iron 0,0071 [g/mm3 ] [40]; lt-path of the friction [m] for the first cycle 
(there and back)-0,192 [m]; mz-mass of the distinguished surface layer in accordance to results of the research;  
bt-width of the path of the friction-0,084 [m]; g-determining the path [g]; Z-usage [g] 
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5.2. Resistance to the usage and the intensity of the usage 
Usage is a process of changes in the surface layer of the solid mass characterized with a mass loss or permanent 
deformation of the surface [32]. Usage intensity – relation between the capacity loss and the mass or linear loss to 
the unit of time, path of the friction, process of friction, etc. [32]. In addition, for a more complete description of the 
process of usage, some additional calculations concerning resistance for usage and the usage intensity were made. 
Calculations of the resistance for usage and the intensity of usage [31] were made on basis of following 
dependencies: 
lt– path of friction [m] for the first cycle (there and back) – 0,192 [m] 
mz– mass of the distinguished surface layer in accordance to results of the research 
bt–width of the path of the friction – 0,084 [m] 
I–resistance for the usage [1/g] 
Im–intensity of usage [g/m] 
where: 
]g/1[
Z
1I  
  (7) 
and  
]m/g[
l
mI
t
z
m  
  (8) 
6. DRAWING UP OF FINDINGS, STATISTICAL ANALYSIS AND RESULTS OF ANALYSES 
The author counted average values in calculations of measurement’ results; however, he accepted the dispersion 
for n<5 (absolute error, equal the half of the dispersion of measurement results) as a measure of dispersion of results 
around the average value, depending on the number of measurements. Another measurer was standard deviation, 
-t 
distribution and statistical tables. In addition, suitable software was applied (Statistica 5.0, Excel – Analysis 
ToolPak, Maple). The significance of the impact of annealing, thickness of the wall and the distance inside the 
mold’s surface (in case of the measurement of the hardness) and the path of the friction (in case of the measurement 
of the usage) was established on basis of the analysis of the variance, with the accepted statistical significance of F-
Snedecor, D=0,05. 
Following technological parameters were accepted for the analysis: 
For hardness: 
x heat processing (annealing) –variable x1 
x  thickness of the wall of the mold – variable x2 
x  distance from the surface inside the core–variable x3 
For usage examinations:  
x  heat processing (annealing) –variable x1  
x  thickness of the wall of the mold – variable  x2 
x  path of the friction – variable x3 
A following mathematical model was accepted (polynomial of the second degree with double interactions): 
 
 for usage examinations: 
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Basing on the literature and own preliminary study, the author took a multiple regression with a linear 
dependency for determining the mathematical model of the influence of variables x1,x2,x3 on the hardness and the 
usage. Basing on metalographical research, separate analysis for annealed and unannealed casts were made. 
A mathematical model of the hardness dispersion in function of two variables x2, x3 was prepared, on basis of results 
of the dispersion of the hardness and with use of programs Statistica 5.0 and Excel- Analysis ToolPak. Using 
Statistica 5.0, Excel-Analysis ToolPak, a model of usage in form of function with two variables was x2, x3 prepared. 
Basing on the metalographical analysis, the author assumed that the research of solutions should concern two ranges 
of distances from the surface of the cast into the core, i.e. the range 0÷2 mm and from 2,25÷5 mm. 
Following intervals of variability of examined factors were accepted: 
x1 = 0 or 1 (0 – unannealed casts; 1 – annealed casts) 
x2 = 10, 20, 30, 40 
x3 = 0., 0,25 to 20 every 0,25  
 
The purpose of these calculations was to find a II type regression equation, which would describe the dependency 
between the average weight usage and the thickness of the wall of the mold and the path of the friction. 
Such equation has also a following qualitative form: 
Z=Z (g,L)  (10) 
where:  
Z = weight usage [g], g – thickness of the wall of the mold [mm], L – path of the friction [m] 
The analysis was made in two groups of molds:  
I - the group included molds, where the friction surface was only cleaned from the sphere of reaction, i.e. a so-
called   „skin of casting” was removed, 
II - the group enclosed casts, where the friction surface was a surface with a part of surface layer removed. 
6.1. Analysis of the usage examination 
In result of the statistical analysis, 4 equations of regression were obtained. They describe the dependency 
between the weight usage and the thickness of the mold and the path of the friction. 
 
For casts in the group I  
For unannealed casts  
32 x000228438.0x006413984.0084447554.0y   (11) 
For annealed casts 
323
xx000213897.0x009248565.0346854327.0y  
 (12) 
For casts in the group II (I set of examinations) 
 
 For unannealed casts 
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32
6 xx1060328.6118204918.0y   (13) 
For annealed casts  
323 xx00021.0x00949.034685.0y   (14) 
Results of run analyses are presented in a form of graphs on figures: 4, 5, 6, 7. 
  
 Fig. 4. The graph of the function Z=(x2,x3) for unannealed casts  Fig. 5. The graph of the function Z=(x2,x3) 
 in the I set of examinations  for annealed casts in the I set of examinations 
 
  
Fig. 6. The graph of the function Z=(x2,x3) for unannealed casts  Fig. 7. The graph of the function Z=(x2,x3) for annealed casts 
 n the II set of examinations in the II set of examinations 
Obtained regression equations were also evaluated from the point of view of significance of regression 
coefficients and the adequacy of the function of the regression, using the F-Senedecor test and comparing results 
with its critical value. In all cases, one should accept a thesis that coefficients of the regression function are true. One 
should accept that in all cases the thesis on adequacy of the regression function refers to the confidence level α=0,05. 
7. ANALYSIS AND CONCLUSIONS 
Results of conduced examinations allow accepting presented theses as true and forming following conclusions: 
 There is a possibility of using the transverse section of the surface layer of the spheroidal iron cast by forming it 
in range of  the exploitation surface layer of the product without any interference into the technology. 
 The is no explicit premises for implementing into practice big technological surpluses (suggested according to 
standards in the range 3,5÷5 mm). It is sufficient and purposeful to apply a technological surplus at a level of 
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circa 1.5 mm (+0.5 mm). 
 The reduction of technological surpluses in accordance to the form and the range of the surface layer of the raw 
spheroidal iron cast  does not decrease properties of the surface layer of the final product. 
Thus, there are no contradictions for forming the exploitation surface of the product  in the range of the surface 
layer of the spheroidal iron cast in situations, when the path of production or a technology for the surface layer is 
already established. 
References 
[1] BECHNÝ L., VROBEL S.,HOFMANN H. Einflus auf die Qualit t von Gusseisen durch Schmelzfiltration. Giesserierfahrungsaustaucsch 
1997, nr 11, s. 475. 
[2] BECHNÝ L.: Erhhung der Quality gegossener Werkstoffe durch die Schmelzfiltration, Berichte Praxis HTW  Dresden 1-95, s. 31 
[3] Bezjazichny V. Calcultion of casting conditions satisfying specified requirements to the surface layer quality and cutting accuracy. 
EUROMETAL WORKING’94, Udine (Italy). 
[4] Burakowski T., Marczak R. Eksploatacyjna warstwa wierzchnia. Zagadnienia Eksploatacji Maszyn, 3/1995, s.328-337. 
[5] Burakowski T., Roliński E. Wierzchoń T. Inżynieria powierzchni metali. Wydawnictwo Politechniki Warszawskiej, Warszawa 1992. 
[6] Fraś E. Kapturkiewicz i inni. „Kinetyka wzrostu grafitu i ferrytu w żeliwie sferoidalnym. III Polski Kongres Odlewniczy. Polskie 
Odlewnictwo w Zintegrowanej Europie. Warszawa 2000. 
[7] Frey H., Kienel G. Dünschicht Technologie. VDI Verlag, Düsseldorf 1987. 
[8] Hebda M., A. Wąchal „Trybologia”, WNT, Warszawa 1980. 
[9] Hoff O, Andersen P.: Badania powierzchniowej warstwy odlewów żeliwnych. Przegląd Odlewnictwa nr 2, 1970. 
[10] II Conference in title titled .” Problemy optymalizacji konstrukcji odlewów ze stopów żelaza” .Kraków 1974. 
[11] Janecki J., M. Hebda Tarcie, smarowanie i zużycie części maszyn”, WNT, Warszawa 1969. 
[12] Janik S. Wykorzystanie właściwości warstwy wierzchniej surowych odlewów żeliwnych w produkcji części maszyn. Konferencja 
Naukowo-Techniczna, Gorzów Wlkp. 1978. 
[13] Janik S., Kuryło P.: Schedule of hardness in top layer of raw founding’s cast from spheroid castings: Theoretical and Experimental 
Problems of Materials Engineering The fourth International Conference. Puchov, Słowacja, 1999-Puchov, 1999. 
[14] Janik S., Wieczorowski K., Wykorzystanie właściwości strefy przejściowej warstwy wierzchniej odlewu żeliwnego dla podwyższenie 
własności eksploatacyjnych wyrobu, V Konf. N-T, Politechnika Rzeszowska, Rzeszów, 1995 
[15] Janik S.: Wykorzystanie właściwości warstwy wierzchniej odlewu żeliwnego w projektowaniu procesu technologicznego. Tendencje 
rozwojowe w procesach produkcyjnych. VIII międzynarodowa konferencja naukowo-techniczna. Zielona Góra, Polska, 1997-Zielona Góra. 
Wydaw. PZ, 1997-Sekcja 3. Odlewnictwo, materiałoznawstwo, spawalnictwo, s. 119-124. 
[16] Janik S. „Zmiany wybranych wskaźników skrawalności warstwy wierzchniej odlewów z żeliwa szarego wykonanych w różnych masach 
formierskich”. Praca doktorska, Politechnika Poznańska, Poznań 1978.  
[17] Janik S. Analiza stanu warstwy wierzchniej odlewu z żeliwa szarego. Publisher: Wyższej Szkoły Pedagogicznej w Zielonej Górze, Zielona 
Góra 2001. 
[18] Kaczmarek J., Wojciechowski B.: Zmiany w strategii eksploatacyjnej warstwy wierzchniej. XX Szkoła Tribologiczna, 1995 r. 
[19] Kaczmarek J. Podstawy obróbki wiórowej, ściernej i erozyjnej. WNT Warszawa 1972 r. 
[20] Kiepuszewski B. Technologia budowy maszyn. WNT, Warszawa 1971 r. 
[21] Klonecki W. Statystyka dla inżynierów.PWN, Warszawa-Wrocław 1999 r. 
[22] Kupczyk M. (red.), Współczesne kierunki rozwoju technologii maszyn. Monografia, Prace Komisji Budowy Maszyn, Tom 16, Wyd. PTPN, 
Poznań 1998. 
[23] Kupczyk M., Wieczorowski K., Niektóre aspekty skrawania materiałów trudno obrabialnych ostrzami ze specjalnie konstytuowaną warstwą 
wierzchnią o zwiększonej odporności na zużycie. Monografia, Prace Komisji Budowy Maszyn, Tom V/II, zeszyt 4, Wyd. PTPN, Poznań 
1993. 
[24] Kupczyk M. Precise measurement of coating adhesion to substrate. Journal of Materials Protection, Vol. 32, No10-B, 1999, s. 385-388. 
[25] Kuryło P. Janik S. Model warstwy wierzchniej surowego odlewu żeliwnego–żeliwo sferoidalne 500-7. 4-ta Międzynarodowa Konferencja 
Naukowa–Wpływ Technologii na stan warstwy wierzchniej-WW’99. Lubniewice-Gorzów Wlkp. 1999. 
[26] Kuryło P., Janik S. Aspekty zastosowania żeliwa sferoidalnego jako tworzywa na formy szklarskie: Rozvoj Technologie Obrabania - RTO 
2000. 3. Medzinarodna vedecka konferencia. Kosice, Słowacja, 2000- Kosice, 2000, s. 39-44. 
[27] Kuryło P., Janik S. Odporność żeliwa sferoidalnego na zużycie w procesie tarcia: Rozvoj Technologie Obrabania - RTO 2002 : 4. 
Medzinarodna vedecka konferencia. Kosice, Słowacja, 2002-Kosice, 2002 
[28] Kuryło P., Janik S., Jenek M. Wykorzystanie właściwości warstwy wierzchniej odlewu z żeliwa sferoidalnego 500-7.Studia i Materiały - 
(Technologia maszyn)-2002, T. 20, nr 1, s. 361-68. 
[29] Kuryło P., Janik S. Formation of surface layer in cast-iron castings. Mechanical Engineering Technologies '01 Proceedings of Third 
International Congress. Sofia, Bułgaria, 2001 
[30] Kuryło P., Janik S. Kryteria doboru materiału na formy szklarskie Nove smery vo vyrobnych technologiach. V. medzinarodna konferencia. 
Zbornik referatov. Presov, Słowacja, 2000 .- Presov, 2000, s. 91-98 
[31] Lawrowski Z. Tribologia. Tarcie, zużywanie i smarowanie. Wyd. PWN, Warszawa 1993 r. 
267 Kuryło Piotr et al. /  Procedia Engineering  96 ( 2014 )  257 – 267 
[32] Lawrowski Z. Tribologia. Wyd. Politechniki Wrocławskiej, Wrocław 1985 r. 
[33] Leszek W., Zwierzycki W. Współczesna interpretacja pojęć tarciowych i zużyciowych cz.I i II, Tribologia nr 2,3/87. 
[34] Materiały własne. 
[35] Młynarczyk A., Jakubowski J. Obróbka powierzchniowa i powłoki ochronne. Wyd. Politechniki Poznańskiej, Poznań 1998. 
[36] Naukowo-Techniczne, Warszawa 1898 
[37] Nowicki B., Stefko A.Szulc S.: Obróbka powierzchniowa. Nadawanie częściom maszyn własności eksploatacyjnych. PWN, Warszawa 
1970. 
[38] Pająk E.,K. Wieczorowski Podstawy optymalizacji operacji technologicznych w przykładach. PWN, Warszawa – Poznań 1982. 
[39] PN-EN 1563:2000 (PN-92/H-83126) 
[40] Polański Z. Metody optymalizacji w technologii maszyn. PWN, 1997 r. 
[41] Polański Z. Planowanie doświadczeń w twchnice. PWN, Warszawa 1984 r. 
[42] Praca zbiorowa pod redakcją prof. Leszka A. Dobrzańskiego: Leksykon materiałoznawstwa w. 1.3, Wydawnictwo Verlag Dashöfer, 
Warszawa 1999. 
[43] Rówiński E. Łagiewka E. Wykorzystanie spektroskopii elektronów Augera do badania powierzchni stopów NiTi. II Ogólnopolska 
Konferencja Naukowa. Obróbka powierzchniowa”, 13-15 października 1993 r., Kule k/Częstochowy. 
[44] Szreniawski J. Badania stanu powierzchni oraz warstwy powierzchniowej cienkościennych odlewów żeliwnych. Przegląd Odlewnictwa nr 
8,9, 1996. 
[45] Szulc L. Struktura i własności fizyko-mechaniczne obrobionych powierzchni metali. Zeszyt specjalny Politechniki Warszawskiej. 
Warszawa, wrzesień 1965. 
[46] Szumniak J. Kształtowanie się warstw wierzchnich (ww) w procesie tarcia. Tribologia 4/90.  
[47] Szumniak J. Warstwa wierzchnia elementów trących. Przegląd metod konstytuowania warstwy wierzchniej. Tribologia. 3/4 - 90 rok. 
[48] Tabor A. Polskie urządzenia do ekologicznej produkcji żeliwa sferoidalnego. Nasza Politechnika. Dwumiesięcznik. Gazeta Politechniki 
Krakowskiej. Nr 3. 
[49] Tkaczyk S. Metrologiczne aspekty warstwy wierzchniej metali. Metrologia w systemach Jakości V Sympozjum Klubu ISO 9000, Mikołaki, 
20-22.11.1997.  
[50] Wiśniewski M. Analiza systemowa zjawisk tribologicznych. Tribologia nr 2/90. 
[51] Wojkun J. Zmienność własności warstwy wierzchniej po nagniataniu. Zeszyty naukowe WSI. Koszalin 1981. 
